Two glucose-signaling pathways in S14 gene transcription in primary hepatocytes: a common role of protein phosphorylation.
Transcription of the rat S14 gene is induced in response to increased carbohydrate metabolism in the liver. Because carbohydrate-induced changes in lipogenesis are mediated in part by changes in phosphorylation of multiple proteins, we investigated the role of protein phosphorylation on transcriptional regulation of the two carbohydrate response elements, a thyroid hormone receptor-independent carbohydrate response element and a thyroid receptor-dependent glucose response element located up-stream of the S14 gene. S14 reporter constructs were transiently transfected into rat primary hepatocytes and incubated with the protein or phosphatase inhibitor okadaic acid calyculin-A, or one of several protein kinase activators. Low dose okadaic acid blocked glucose induction from both elements without inhibiting glucose metabolism. Calyculin-A, a preferential phosphatase-1 inhibitor, only blocked the glucose response when glucose metabolism was inhibited. The protein kinase-C activator, 12-myristate 13-acetate, did not change the glucose responses, whereas the protein kinase-A activator, 8-(4-chlorophenylthio)cAMP, inhibited S14 transcription by inhibiting glucose metabolism. In contrast, the calcium ionophore A23187, a calmodulin kinase activator, mimicked the effect of low dose okadaic acid, but had no effect on glucose metabolism. We conclude that protein phosphatase-2A and calmodulin kinases may be involved in the glucose signaling pathway of the S14 gene. A similar phosphorylation step may be involved in the two distinct glucose response pathways.